The hexaphenylbenzene core has gained considerable attention due to its unique propellershaped structure and its usage for the preparation of modern graphitic materials for the applications in the emerging area of molecular electronics and nanotechnology. 1 Numerous possibilities exist for future development and use of novel architectures based on hexaarylbenzene (HAB) derivatives in sensor applications and host−guest chemistry, in general, if a controlled synthesis can be developed which will allow the positioning of all the orthosubstituents (such as ethereal oxygens on the peripheral aryl rings) on one face of the central benzene ring. Interestingly, however, the ortho-substituted HAB derivatives exist as a mixture of rotamers due to the restricted rotation around the C−C bonds between the six peripheral aryl rings and the central benzene ring. For instance, it has been established 2 that trimerization of bis(2-methoxyphenyl)acetylene leads to the formation of only eight rotamers (i.e., six achiral and one pair of enantiomeric rotamers) of hexakis(2-methoxyphenyl)benzene out of the possible nine rotamers. The only missing rotamer from this synthesis is the one which contains all the ethereal oxygens on one face of the propeller. Such a symmetrical isomer can be potentially useful for directing a metal cation to the central benzene ring with the aid of six ethereal oxygens that are prearranged in a manner akin to an 18-crown-6 geometry. 3 Accordingly, in this paper, we now report a new strategy to access this elusive rotamer containing all the ethereal oxygens on one face of the HAB and delineate by NMR spectroscopy and X-ray crystallography that it binds a single potassium cation to the central benzene ring via a synergistic interaction with the hydrophilic ethereal fence and the hydrophobic π-cloud of the central benzene ring 4 as follows.
It was conceived that preparation of the HAB derivative with oxygens on one face can be accomplished by a trimerization of a diarylacetylene in which the ethereal oxygens are tied together with a polymethylene bridge (see structure 4 in Scheme 1). Unfortunately, the synthesis of such bridged acetylenic derivatives from existing procedures was possible only in very poor yields. 5 Therefore, we first developed a practical route to access the bridged diarylacetylene 4 in which the ethereal oxygens are tied with a tetramethylene bridge (see Scheme 1). 6 For example, a reaction of 2 equiv of isopropylsalicylaldehyde (1) A Co2(CO)8-catalyzed trimerization of 4 in refluxing dioxane for 12 h produced a mixture which contained roughly 25% trimer and ∼75% of the starting acetylene 4. A quick chromatographic separation on silica gel (using hexanes and ethyl acetate mixture as eluent) afforded pure symmetrical isomer 5s and the unsymmetrical isomer 5u in ∼1:2 ratio in >95% yield based on the recovered 4. The identity of 5s was readily established by the simplicity of its 1 H/ 13 C NMR spectra in comparison to that of 5u and was further confirmed by FAB mass spectrometry (see Supporting Information). The X-ray structure in Figure 2 reveals that a single potassium cation sits in a shallow cavity with an (hydrophobic) aromatic bottom (i.e., the central benzene ring) while effectively interacting with the (hydrophilic) polar fence formed by six ethereal oxygens. The depth (i.e., the distance between the mean planes of the central benzene ring carbons and the ethereal fence) and the radius of the cavity are 2.22 and 2.97 Å, respectively. Such a bipolar nature of the cavity in 5s allows a tight van der Waals fit for a single K + cation as discussed below.
The most striking feature of the structure in Figure 2 is the symmetrical η 6 -coordination of the K + by the central benzene ring of 5s. The distance between the mean plane of the benzene ring and the K + is 2.742 Å, a distance that is much shorter than the sum of van der Waals/ionic radii of carbon and K + (i.e., 3.22 Å) and surpasses any of the previous experimental observations of the cation−arene contacts. 8 One of the main factors favoring such a close K + ···Ar coordination is the synergistic coordination of potassium cation by the all six ethereal oxygens prearranged in a geometry similar to that of the 18-crown-6. Another feature of the structure is that the K + sits slightly (i.e., ∼0.52 Å) above the coordination plane of the ethereal fence, as pictured below in Figure 3 In summary, we have designed and synthesized a HAB-based receptor that contains a bipolar receptor site that allows a remarkably efficient binding of a single potassium cation because it synergistically interacts with the polar ethereal fence and with the central benzene ring via cation−π interaction a phenomenon that is well established in gas phase 10 and in solid state 8 and is known to play an important role in the stabilization of tertiary structures of various proteins. 11 We believe that the development of this unique receptor with an amphiphilic binding pocket and the electronically coupled peripheral aryl groups 12 will allow its usage for the development of practical sensors for various metal ions. We are currently exploring the selectivity of the binding of various metal cations to receptor 5s as well as its usage for sensing devices.
